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Abstract: The possibility of material recycling of inorganic slag by wet ball milling with distilled water and an 
ethylenediaminetetraacetic acid disodium salt dehydrate (EDTA·2Na·2H2O) reagent was investigated. The wet ball 
milling of the simulated waste slag powder was performed using a ball mill pot and balls in air for 10 - 100 h at room 
temperature with the rotational speed fixed at 200 rpm. The fractions of CaO and Fe2O3 in the specimens obtained by 
wet-ball-milling the simulated waste slag powder decreased, that of SiO2 increased, and those of Al2O3 and Na2O hardly 
changed. These specimens contained 0.1 – 0.8mass% ZrO2. Appropriate solution and time for wet ball milling were 300 
ml distilled water and 20 h, respectively. When the wet ball milling of the simulated waste slag powder was performed 
twice, the fractions of CaO, Al2O3 and Fe2O3 in the specimen obtained after repeated wet ball milling decreased, those 
of SiO2 and ZrO2 increased and that of Na2O hardly changed in comparison with those in the specimen wet-ball-milled 
once. The insoluble end product obtained by soaking the specimen wet-ball-milled once in 6M HCl for 20 hours was 
composed of 98.5mass% SiO2 and 0.6mass% or less other oxides and is usable as glass material. 
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 ጟጊ⋵ߢߪᐔᚑ 14 ᐕ߆ࠄ 16 ᐕߦ߆ߌߡޟߏߺ࠯
ࡠࠟࠗ࠼࡜ࠗࡦޠࠍቯ߼㧘ᳪᵆ㧘㋶ߐ޿㧘߫޿ߓࠎ࡮
Ά߃ᲖࠍᓴⅣ⾗Ḯߦᜰቯߒߡ޿ࠆޕࠪ࡝ࠞ㧔SiO2㧕
ࠍਥᚑಽߣߔࠆࠬ࡜ࠣ㧘ήᯏᕈᳪᵆߥߤߩήᯏᕈ↥
ᬺᑄ᫈‛ߪ࠮ࡔࡦ࠻ේᢱ㧘ၒᚯ᧚㧘〝⋚᧚ߣߒߡ೑
↪ߐࠇߡ޿ࠆ߇㧘㊀㊄ዻߥߤߩ᦭ኂ‛⾰ࠍ฽߻㧘㜞
ỚᐲߩႮൻ‛ࠗࠝࡦࠍ฽᦭ߔࠆ㧘߹ߚ☸ᐲ߇ឥߞߡ
޿ߥ޿ߥߤߩℂ↱߆ࠄᧂߛߦᄙ㊂ߦၒ߼┙ߡಣಽߐ
ࠇߡ޿ࠆߩ߇⃻⁁ߢ޽ࠆޕߘࠇߦࠃࠅ㧘ᦨ⚳ಣಽ႐
ߩᱷ૛ᐕᢙ߽⍴ߊߥߞߡ߈ߡ޿ࠆ߁߃ߦ㧘ᳪᨴ‛⾰
ߩṁ಴ߦࠃࠅⅣႺᳪᨴߩ࡝߽ࠬࠢ㜞߹ߞߡ߈ߡ޿ࠆޕ
߹ߚ㧘㊄ዻ⾗Ḯߪή㒢ߢߥߊ㧘ਥⷐߥ㋶‛⾗Ḯߩ⠴
↪ᐕᢙߪ߶ߣࠎߤ߇ 80ᐕએਅߣ⸒ࠊࠇߡ޿ࠆ[1]ޕᓥ
ߞߡ㧘ߎࠇࠄߩ↥ᬺᑄ᫈‛ࠍౣ೑↪࡮ౣ⾗Ḯൻน⢻
ߦߔࠆᛛⴚ㐿⊒߇⥋ᕆ᳞߼ࠄࠇߡ޿ࠆޕᦨㄭߢߪ㧘
ࠟ࡜ࠬߩಽ⋧⃻⽎ࠍ೑↪ߒߚࠬ࡜ࠣߩ࡝ࠨࠗࠢ࡞ߦ
㑐ߔࠆ⎇ⓥ߇ⴕࠊࠇߡ޿ࠆ[2-6]ޕ 
 ࠬ࡜ࠣ㧘ήᯏᕈᳪᵆߣ޿ߞߚߎࠇࠄߩ↥ᬺᑄ᫈‛
ࠍౣ⾗Ḯൻߔࠆߚ߼ߦߪ㧘㛽᧚ߣߒߡ૶↪ߔࠆએᄖ
ߪ☳⎈߇ᔅⷐߢ޽ࠆޕࡏ࡯࡞ࡒ࡞ಣℂߦࠃࠆ☳⎈ߪ㧘
㕖ടᾲߥߩߢ߆ߌࠆࠛࡀ࡞ࠡ࡯߇ૐߊૐࠦࠬ࠻ߢᷣ
߻ޕ߹ߚࠛ࠴࡟ࡦࠫࠕࡒࡦ྾㈶㉄㧔EDTA㧕ߪ㋕㧘੝
㋦㧘㋦㧘࠾࠶ࠤ࡞㧘㌃㧘᳓㌁ߥߤᄙߊߩ㊄ዻࠗࠝࡦ
ߦኻߒߡᭂ߼ߡ㜞޿㍲ᒻᚑቯᢙࠍ᦭ߒ㧘㍲૕ࠍߟߊ
ࠆߎߣߢ࿕૕߆ࠄߎࠇࠄߩ㊄ዻᚑಽߩಽ㔌ࠍน⢻ߣ
ߔࠆޕᓥߞߡ㧘EDTA ࠍṁ⸃ߐߖߚ᳓ṁᶧߢḨᑼࡏ
࡯࡞ࡒ࡞ಣℂࠍⴕ߃߫㧘ήᯏᕈ↥ᬺᑄ᫈‛߆ࠄ㕖ട
ᾲߢᄙ⒳㘃ߩ㊀㊄ዻࠍ฽߻㊄ዻࠗࠝࡦࠍಽ㔌ߔࠆߎ
ߣ߇ߢ߈ࠆߣ⠨߃ࠄࠇࠆޕ߹ߚ㧘ಽ㔌ᓟߦᱷࠆ࿕૕
ߪ㧘ࠪ࡝ࠞࠍਥᚑಽߣߔࠆ቟ቯߒߚ⚵ᚑߩࠟ࡜ࠬ㧘
࠮࡜ࡒ࠶ࠢࠬ↪ේᢱߣߒߡ૶↪น⢻ߥ☳ᧃߦߥࠆߣ
⠨߃ࠄࠇࠆޕታ㓙㧘Na2O-K2O-BaO-PbO-SiO2 ♽㋦ࠟ
⺰  ᢥ
㧖ㅪ⛊వ, Corresponding author 
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࡜ࠬࠍ EDTA ᳓ṁᶧሽ࿷ਅߢḨᑼࡏ࡯࡞ࡒ࡞ಣℂߒ
ߚߣߎࠈ㧘㋦ࠟ࡜ࠬ߆ࠄ Pb㧘Baߣ߽ߦ 99.0mass%એ
਄㒰෰ߒߚߣ޿߁⚿ᨐ߇ႎ๔ߐࠇߡ޿ࠆ[7]ޕήᯏᕈ
ߩ↥ᬺᑄ᫈‛ߣߒߡጟጊᄢቇⅣႺ▤ℂ࠮ࡦ࠲࡯ߢή
ᯏᑄᶧߩಣℂᓟߦឃ಴ߐࠇߚήᯏᕈᳪᵆ(ࠬ࡜࠶ࠫ)
ࠍ EDTA ࠍṁ⸃ߐߖߚ᳓ṁᶧߢḨᑼࡏ࡯࡞ࡒ࡞ಣℂ
ࠍⴕߞߚߣߎࠈ㧘1 ࿁ߩḨᑼࡏ࡯࡞ࡒ࡞ಣℂߢࠬ࡜
࠶ࠫਛߩ㋕ߥߤߩ⌕⦡ᚑಽࠍ 7㨪9 ഀ⒟ᐲ㒰෰น⢻
ߢ㧘Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂࠍⶄᢙ࿁➅ࠅ㄰ߖ߫㧘⌕⦡
ᚑಽࠍ߶ߣࠎߤ 0%ߦㄭ޿ߣߎࠈ߹ߢ㒰෰ߢ߈ࠆน
⢻ᕈࠍ␜ໂߔࠆ⚿ᨐ߇ᓧࠄࠇߚ[8]ޕ 
ᧄ⎇ⓥߢߪ㧘ήᯏᕈ↥ᬺᑄ᫈‛ߩ߁ߜࠬ࡜ࠣߦ⌕
⋡ߒ㧘਄⸥ߩ⌕ᗐߦၮߠ޿ߡ EDTA ᳓ṁᶧሽ࿷ਅߢ
Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂࠍⴕ߁ߎߣߦࠃࠅ㧘ࠬ࡜ࠣ߆ࠄ
㊀㊄ዻࠍ฽߻㊄ዻᚑಽࠍಽ㔌ߒߡࠪ࡝ࠞᚑಽߦን߻
☳ᧃߩ࿁෼ࠍ⹜ߺߚޕ 
 
 ታ 㛎
 
2-1. ᮨᡆࠬ࡜ࠣߩ૞⵾ߣ⚵ᚑಽᨆ 
ᧄ⎇ⓥߢߪ㧘Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂ೨ᓟߩࠬ࡜ࠣਛ
ߩฦర⚛ߩ᜼േࠍᱜ⏕ߦ⹏ଔߔࠆߚ߼ߦ㧘ࠪ࡝ࠞ㧘
㉄ൻ㋕㧘㉄ൻ࠽࠻࡝࠙ࡓ㧘㉄ൻࠞ࡞ࠪ࠙ࡓ㧘㉄ൻࠕ
࡞ࡒ࠾࠙ࡓࠍਥᚑಽߣߔࠆࠬ࡜ࠣߩ৻⥸⊛ߥ⚵ᚑࠍ
෻ᤋߒߚᮨᡆࠬ࡜ࠣࠍ૞⵾ߒታ㛎ߦ૶↪ߒߚޕᮨᡆ
ࠬ࡜ࠣߩ⚵ᚑߪSiO2 : CaO : Al2O3 : Fe2O3 : Na2O = 
43 : 25 : 17 : 8 : 7 (mass%)ߢ޽ࠆޕ಴⊒ේᢱߢ޽ࠆSiO2, 
CaCO3, Al2O3, Fe2O3, Na2CO3⹜⮎ࠍ਄⸥ߩ⚵ᚑߦߥࠆ
ࠃ߁ߦ⒊㊂ᷙวߒ㧘⊕㊄ࠆߟ߷ߦ౉ࠇߡ1000͠ߢ30
ಽ઒὾ᓟ㧘1600͠ߢ30ಽṁⲢߐߖߚޕߘߩᓟⲢᶧࠍ
⌀㎕᧼਄ߦᵹߒ಴ߒߡࡊ࡟ࠬᕆ಄ࠍⴕ߁ߎߣߢᮨᡆ
ࠬ࡜ࠣࠍᓧߚޕFig. 1ߦࡃ࡞ࠢ⁁ߩᮨᡆࠬ࡜ࠣߩ౮⌀
ࠍ␜ߔޕ⦡߇㤥޿ߩߪFe3+ࠗࠝࡦߦࠃࠆ⌕⦡ߩߚ߼ߢ
޽ࠆޕ߹ߚ☳⎈㧘߰ࠆ޿ಽߌߦࠃࠅ㧘Ḩᑼࡏ࡯࡞ࡒ
࡞ಣℂߢ↪޿ࠆ☸ᓘ0.5 mmએਅߩᮨᡆࠬ࡜ࠣ☳ᧃࠍ
ᓧߚޕߘߩ౮⌀ࠍFig. 2ߦ␜ߔޕࡃ࡞ࠢ⁁ᮨᡆࠬ࡜ࠣ
෸߮☸ᓘ0.5 mmએਅߩᮨᡆࠬ࡜ࠣ☳ᧃߩ⚵ᚑಽᨆࠍ
SII␠⵾ⰯశX✢ಽᨆⵝ⟎SEA2210ASߦࠃࠅⴕߞߚޕ 
 
2-2. Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂ 
 ☸ᓘ 0.5 mmએਅߩᮨᡆࠬ࡜ࠣ☳ᧃ 4.00 g㧘EDTA
⹜⮎(ࠛ࠴࡟ࡦࠫࠕࡒࡦ྾㈶㉄ੑ࠽࠻࡝࠙ࡓੑ᳓๺
‛) 16.00 g㧘100㨪400 mlߩṁᶧ㧘⋥ᓘ 5 mmߣ 10 mm
ߩࠫ࡞ࠦ࠾ࠕࡏ࡯࡞(⋥ᓘ 5 mm : 500 g㧘⋥ᓘ 10 mm : 
441 g)ࠍ 700 mlࡐ࡝ࠕࡒ࠼⵾ࡐ࠶࠻ߦ౉ࠇߡḨᑼࡏ
࡯࡞ࡒ࡞ಣℂࠍ 10㨪100 ᤨ㑆㧘ࡐ࠶࠻ߩ࿁ォᢙ 200 
rpmߢⴕߞߚޕ 
Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂᓟ㧘㆙ᔃಽ㔌෸߮ๆᒁࠈㆊᴺ
ߦࠃߞߡ࿕ᶧಽ㔌ࠍⴕߞߚޕ࿕ᶧಽ㔌ᓟߦᓧࠄࠇߚ
☳ᧃࠍ80͠㧘3ᤨ㑆ߢቢోߦੇ῎ߐߖߚᓟ㧘ⰯశX✢
(XRF)ಽᨆᴺߦࠃࠆ⚵ᚑಽᨆࠍ਄⸥ⵝ⟎ࠍ↪޿ߡⴕ
ߞߚޕߎߎߢᓧࠄࠇߚ☳ᧃߩ৻ㇱ߅ࠃ߮☸ᓘ0.5 mm
એਅߩᮨᡆࠬ࡜ࠣ☳ᧃࠍ6MႮ㉄ߢ㉄ಣℂᓟ㧘࿕ᶧಽ
㔌㧘ੇ῎ߐߖߡᓧࠄࠇߚ☳ᧃߦߟ޿ߡ߽ห᭽ߦ⚵ᚑ
ಽᨆࠍⴕߞߚޕ 

 ⚿ᨐߣ⠨ኤ

3-1. ᮨᡆࠬ࡜ࠣߩ⚵ᚑಽᨆ
 ᮨᡆࠬ࡜ࠣߩ⚵ᚑಽᨆࠍⰯశ X✢᷹ቯߦࠃࠅⴕߞ
ߚ⚿ᨐࠍ Table 1ߦ␜ߔᮨޕ ᡆࠬ࡜ࠣࡃ࡞ࠢ㧘☸ᓘ 0.5 
mm એਅߩᮨᡆࠬ࡜ࠣ☳ᧃߣ߽ߦࡃ࠶࠴⚵ᚑߣᲧߴ
ߡ SiO2, Fe2O3, Na2OߪᲧセ⊛ㄭ޿⚵ᚑࠍ␜ߒߚ߇㧘
CaO, Al2O3ߢዋߒߕࠇ߇⷗ࠄࠇߚޕࡃ࡞ࠢࠃࠅ☳ᧃ
ߩᣇ߇ࠃࠅࡃ࠶࠴⚵ᚑߦㄭ߆ߞߚޕ߹ߚ㧘ᧄ⎇ⓥߩ
Ⱟశ X✢᷹ቯߦ߅ߌࠆฦ㉄ൻ‛ߩ⺋Ꮕߪ SiO2, CaO, 
Al2O3, Fe2O3, Na2O, ZrO2ߢߘࠇߙࠇ±0.4, ±0.2, ±0.4, 
±0.1, ±1.3, ±0.0mass%ߢ޽ߞߚޕ 
Fig. 1. Simulated waste slag. 
Fig. 2. Simulated waste slag powder with a 
particle diameter of 0.5 mm or less. 
Table 1. Analyzed compositions (mass%) of bulk 
(Fig. 1) and powder (Fig. 2) of simulated waste slag 
by XRF measurements. 
 SiO2  CaO  Al2O3  Fe2O3  Na2O 
Bulk 45.2 20.8 20.7 6.2 7.1 
Powder 43.6 20.8 20.8 7.5 7.3 
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3-2. Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂ 
3-2-1. Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂߦ߅ߌࠆࡏ࡯࡞㧘EDTA
ߩലᨐ 
 ᦨೋߦ㧘Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂߦ߅ߌࠆࡏ࡯࡞෸߮
EDTAߩലᨐࠍ⺞ߴࠆߚ߼㧘ࡏ࡯࡞ߩߺ㧘EDTAߩߺ㧘
ߘߒߡਔᣇࡐ࠶࠻ߦ౉ࠇߚ႐วߢߘࠇߙࠇḨᑼࡏ࡯
࡞ࡒ࡞ಣℂࠍⴕߞߚޕ⫳⇐᳓200 mlߢታ㛎ࠍⴕ޿㧘
ಣℂᓟᓧࠄࠇߚ☳ᧃߩ⚵ᚑࠍⰯశX✢᷹ቯߢ᳞߼ߚ
⚿ᨐࠍFig. 3ߦ␜ߔޕࡏ࡯࡞෸߮EDTA⹜⮎ߩߺߩ႐
ว㧘޿ߕࠇߩ㉄ൻ‛ߩഀว߽ࡏ࡯࡞ࡒ࡞೨ߩᮨᡆࠬ
࡜ࠣ☳ᧃߣᲧߴߡ߶ߣࠎߤᄌൻߒߡ޿ߥ޿ޕࡏ࡯
࡞࡮EDTA⹜⮎ਔᣇ౉ࠇߚ႐ว㧘SiO2ߩഀวߪ3.0%ะ
਄ߒ㧘CaO㧘Al2O3㧘Fe2O3ߩഀวߪߘࠇߙࠇ2.5㧘0.6㧘
0.6%ᷫዋߒߚޕNa2Oߩഀวߪᮨᡆࠬ࡜ࠣ☳ᧃߦᲧߴ
ߡ0.1%߽ᄌൻߒߡ޿ߥ߆ߞߚޕࡏ࡯࡞ࠍ↪޿ߚ᧦ઙ
ߢߪ㧘ࠫ࡞ࠦ࠾ࠕࡏ࡯࡞↱᧪ߩZrO2߇0.2ޯ0.8%ᬌ಴
ߐࠇߚޕߎߩ⚿ᨐࠃࠅ㧘Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂߦ߅޿
ߡCaO㧘Fe2O3ࠍ㒰෰ߒߡSiO2ߩഀวࠍჇ߿ߔߩߦല
ᨐ⊛ߥߩߪ㧘ࡏ࡯࡞ࡒ࡞ᤨߦEDTA⹜⮎ࠍṁᇦਛߦᷝ
ടߒߚ႐วߢ޽ࠆߎߣ߇ಽ߆ࠆޕḨᑼࡏ࡯࡞ࡒ࡞ಣ
ℂᓟᓧࠄࠇߚ☳ᧃߩ࿁෼₸ߪ㧘ࡏ࡯࡞ߩߺ㧘EDTAߩ
ߺ㧘ߘߒߡਔᣇࡐ࠶࠻ߦ౉ࠇߚ႐วߢߘࠇߙࠇ
100.0%㧘85.5%㧘38.0%ߢ޽ߞߚޕ 
ߥ߅㧘ߎߩታ㛎એ㒠ߩḨᑼࡏ࡯࡞ࡒ࡞ಣℂߪ㧘ࡏ
࡯࡞ߣ EDTA⹜⮎ߩਔᣇࠍ↪޿ߡⴕߞߚޕ 
 
3-2-2. pHߩᓇ㗀 
 ṁᶧ㊂ࠍ 200 ml㧘Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂᤨ㑆ࠍ 20ᤨ
㑆ߦ࿕ቯߒߡࡏ࡯࡞ࡒ࡞ಣℂ೨ߩṁᶧߩ pH ࠍ 0.90
߆ࠄ 7.00߹ߢᄌൻߐߖߚߣ߈ߩⰯశX✢᷹ቯߦࠃࠆ
⚵ᚑಽᨆߩ⚿ᨐࠍ Fig. 4ߦ␜ߔޕ0.90߆ࠄ 4.58ߩ pH
ߪ᜝ᒐౝߩṁᶧ 200 mlߦ EDTA⹜⮎ 16.00 gࠍ౉ࠇ
ߡࠃߊ߆߈ᷙߗߚߣ߈ߩ pH୯ߢ޽ࠅ㧘5.00߆ࠄ 7.00
ߩ pHߪ⫳⇐᳓ 200 mlߦ EDTA⹜⮎ 16.00 gࠍ౉ࠇߚ
ᓟ NaOH ⹜⮎ࠍട߃ߡฦ pH ߦ⺞ᢛߒߚᤨߩ୯ߢ޽
ࠆޕ0.1MႮ㉄ 200 mlߩߣ߈ߦ߽ታ㛎ࠍⴕ޿㧘ߎߩߣ
߈ߩࡏ࡯࡞ࡒ࡞ಣℂ೨ߩ pH ߪ 3.57 ߢ޽ߞߚޕߒ߆
ߒ㧘ࡏ࡯࡞ࡒ࡞ಣℂᓟ߶ߣࠎߤߔߴߡṁߌߡߒ߹޿㧘
☳ᧃࠍ࿁෼ߔࠆߎߣ߇ߢ߈ߥ߆ߞߚߩߢ㧘࿑ߦタߖ
ࠆߎߣߪߢ߈ߥ߆ߞߚޕ 
pH ߇ 3.61 એ਄ߩߣ߈ߦᓧࠄࠇߚ☳ᧃߪ޿ߕࠇ߽
4.00 g ᧂḩߢ߁ߔ޿Ἧ⦡ߢ޽ߞߚߩߦኻߒ㧘pH ߇
0.90ߩߣ߈ߪ 5.42 g (࿁෼₸ 135.5%)ߩ⊕⦡☳ᧃߢ޽
ߞߚޕEDTAߪ pH߇ 2એਅߦߥࠆߣᴉᲚߔࠆᕈ⾰߇
޽ࠆߚ߼㧘pH߇ 0.90ߩߣ߈ߦᓧࠄࠇࠆ⊕⦡☳ᧃߦߪ
߆ߥࠅߩ EDTA߇฽߹ࠇߡ޿ࠆߣ⠨߃ࠄࠇࠆޕpH = 
0.90ߩ☳ᧃߩ Fe2O3, Na2Oߩഀวߪઁߩ pHߩ߽ߩࠃ
ࠅ߽㜞ߊ㧘SiO2㧘CaO㧘Al2O3 ߢߪㅒߦૐߊߥߞߚޕ
pH߇ 3.61એ਄ߩ႐ว㧘SiO2㧘CaO㧘Al2O3㧘Fe2O3, Na2O
ߩഀวߪߘࠇߙࠇ 45.3ޯ46.6%㧘15.5ޯ19.9%㧘20.2
ޯ22.3%㧘6.1ޯ7.6%㧘6.0ޯ9.8%ߢ޽ࠅ㧘pHߦࠃࠆଐ
ሽᕈߪ⷗ࠄࠇߥ߆ߞߚޕᮨᡆࠬ࡜ࠣ☳ᧃߣᲧߴߡ㧘
SiO2㧘CaO ߩഀวߪߘࠇߙࠇჇᄢ㧘ᷫዋߒ㧘Fe2O3
ߩഀวߪᓸᷫߔࠆ௑ะ߇⷗ࠄࠇߚޕߘࠇߦኻߒ㧘
Al2O3, Na2Oߩഀวߪᄙዋߩᄌൻߪ޽ࠆ߽ߩߩ㧘Ⴧᄢ㧘
ᷫዋߩ௑ะߪ⷗޿ߛߖߥ߆ߞߚޕḨᑼࡏ࡯࡞ࡒ࡞ಣ
ℂᓟᓧࠄࠇߚ☳ᧃߩ࿁෼₸ߪ pH߇ 3.61㧘3.82㧘4.58㧘
5.00㧘6.00㧘7.00 ߢߘࠇߙࠇ 14.3%㧘31.7%㧘38.0%㧘
48.6%㧘74.8%㧘87.2%ߢ޽ࠅ㧘pH߇㜞ߊߥࠆ߶ߤ࿁
෼₸߇㜞ߊߥߞߚޕZrO2ߩഀวߪ 0.1ޯ0.8%ߢ޽ࠅ㧘
pHߦଐሽߒߥ߆ߞߚޕ 
 pHࠍૐߊߒߔ߉ࠆߣ㧘pH = 0.90ߩ႐วߩࠃ߁ߦ
ࡏ࡯࡞ࡒ࡞ಣℂᓟߩ☳ᧃߦ EDTA ߇౉ߞߡߒ߹޿ᦸ
߹ߒߊߥ޿ޕpH߇ 3.61એ਄ߩᒙ㉄߆ࠄਛᕈߦ߅޿ߡ
ߪ㧘ฦ㉄ൻ‛ߩഀวߦ pHߦࠃࠆଐሽᕈߪ⷗ࠄࠇߥ޿
ߚ߼㧘࿁෼₸ߪૐ޿߇ᦨ߽ขࠅᛒ޿߇◲ଢߢ SiO2ߩ
ഀว߇Ყセ⊛㜞޿⫳⇐᳓߇ㆡߒߡ޿ࠆߣ⠨߃㧘ታ㛎
Fig. 3. Analytical compositions of the simulated 
waste slag powder and the specimens obtained by 
wet-ball-milling 4.0 g of simulated waste slag 
powder with balls only, EDTA only and balls and 
EDTA with 200 ml distilled water for 20 hours by 
XRF measurements. 
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Fig. 4. Analytical compositions of the simulated 
waste slag powder and the specimens obtained by 
wet-ball-milling 4.0 g of simulated waste slag 
powder with 200 ml solutions with pH of 
0.90-7.00 for 20 hours by XRF measurements. 
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ࠍⴕߞߚޕ 
 
3-2-3. ⫳⇐᳓㊂ߩᓇ㗀 
 ⫳⇐᳓㊂ࠍ100ޯ400 ml߹ߢᄌൻߐߖߡḨᑼࡏ࡯
࡞ࡒ࡞ಣℂࠍⴕߞߚᓟߦᓧࠄࠇߚ☳ᧃߩ⚵ᚑࠍⰯశ
X✢᷹ቯߦߡ᳞߼ߚ⚿ᨐࠍFig. 5ߦ␜ߔޕSiO2ߩഀว
ߪ300 ml߹ߢჇᄢߒ㧘300 mlߢߪ3.7%Ⴧᄢߩ47.3%ߢ
޽ߞߚޕ400 mlߪዋߒ⪭ߜߡ47.1%ߢ޽ߞߚޕFe2O3
ߩഀวߪ⫳⇐᳓㊂ߩჇടߣߣ߽ߦᷫዋߒ㧘300 mlߢ
ߪ6.0%㧘400 mlߢߪ5.9%ࠍ␜ߒ㧘ᦨᄢ1.6%ᷫዋߒߚޕ
CaOߩഀวߪ⚂2%ᷫዋߒߚޕAl2O3, Na2Oߩഀวߪߤ
ߩ⫳⇐᳓㊂ߢ߽߶ߣࠎߤᄌൻߒߡ޿ߥ޿ޕZrO2ߩഀ
วߪ⫳⇐᳓㊂ߦଐሽߖߕ0.1ޯ0.8%ߢ޽ߞߚޕḨᑼࡏ
࡯࡞ࡒ࡞ಣℂᓟᓧࠄࠇߚ☳ᧃߩ࿁෼₸ߪ㧘⫳⇐᳓㊂
߇100㧘200㧘300㧘400 mlߢߘࠇߙࠇ51.8%㧘38.0%㧘
40.6%㧘41.2%ߢ޽ࠅ㧘100 ml એᄖߪ⚂40%ߩ࿁෼₸
ߢ޽ߞߚޕ 
 SiO2㧘Fe2O3ߩഀวߪ 300 ml߹ߢߪߘࠇߙࠇჇᄢ㧘
ᷫዋߒߚ߇㧘300 mlએ㒠ߢߪ޿ߕࠇ߽ૃߚഀวࠍ␜
ߒߚߎߣ㧘100 mlએ㒠ߩ CaO㧘Al2O3, Na2Oߩഀว߇
߶ߣࠎߤหߓߢ޽ࠆߎߣࠍ⠨ᘦߔࠆߣ㧘Ḩᑼࡏ࡯࡞
ࡒ࡞ಣℂߦࠃߞߡലᨐ⊛ߦ CaO㧘Fe2O3 ࠍ㒰෰ߒߡ
SiO2ߩഀวࠍჇ߿ߔߦߪ㧘⫳⇐᳓㊂ߪ 300 mlએ਄ᔅ
ⷐߢ޽ࠆޕߐࠄߦࡏ࡯࡞ࡒ࡞ಣℂᓟߩᑄᶧಣℂߩߎ
ߣࠍ⠨߃ࠇ߫㧘⫳⇐᳓㊂ߪ 300 ml߇ᦨ߽ㆡߒߡ޿ࠆ
ߣ⠨߃ࠄࠇࠆޕ 
 
3-2-4. Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂᤨ㑆ߩᓇ㗀 
 ⫳⇐᳓㊂ࠍ 300 mlߦ࿕ቯߒ㧘Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂ
ᤨ㑆ࠍ 10㨪100ᤨ㑆߹ߢᄌൻߐߖߚߣ߈ߩⰯశ X✢
᷹ቯߦࠃࠆ⚵ᚑಽᨆߩ⚿ᨐࠍ Fig. 6 ߦ␜ߔޕSiO2ߩ
ഀวߪಣℂᤨ㑆ߩჇടߣߣ߽ߦჇᄢߒ㧘100 ᤨ㑆ߢ
ߪ 5.4%Ⴧᄢߩ 49.0%ߢ޽ߞߚޕCaO ߩഀวߪ 70 ᤨ
㑆߹ߢಣℂᤨ㑆ߩჇടߣߣ߽ߦᷫዋߒ㧘70ᤨ㑆ߢߪ
16.4%ߢ޽ࠅ㧘4.4%ᷫዋߒߚޕ100 ᤨ㑆ߢߪ 16.7%ߣ
ᓸჇߒߚޕFe2O3ߩഀวߪ 20 ᤨ㑆߹ߢᷫዋߒ㧘20 ᤨ
㑆ߢߪ 1.5%ᷫዋߩ 6.0%ߢ޽ߞߚޕ20 ᤨ㑆એ㒠ߢߪ
6.1ޯ6.7%ߢ޽ߞߚޕߎࠇࠄߩ⚿ᨐߪ㧘CaO㧘Fe2O3
ߩ㒰෰㊂߇ߘࠇߙࠇ 70㧘20ᤨ㑆⒟ᐲߢ㘻๺ߦ㆐ߔࠆ
ߎߣࠍ␜ߒߡ޿ࠆߣ޿߃ࠆޕAl2O3ߩഀวߪಣℂᤨ㑆
ߩჇടߣߣ߽ߦᷫዋߔࠆ௑ะ߇⷗ࠄࠇߚ߇ޔ70, 100
ᤨ㑆ࠍ⾌߿ߒߡ߽ 0.7%ߒ߆ᷫዋߒߥ߆ߞߚޕNa2O
ߩഀวߪߤߩᤨ㑆ߢ߽߶ߣࠎߤᄌൻߒߥ߆ߞߚޕ߹
ߚ㧘ZrO2ߩഀวߪ 0.1ޯ0.6%ߢ޽ࠅ㧘ಣℂᤨ㑆ߦଐሽ
ߒߥ߆ߞߚޕḨᑼࡏ࡯࡞ࡒ࡞ಣℂᓟᓧࠄࠇߚ☳ᧃߩ
࿁෼₸ߪ㧘ಣℂᤨ㑆߇ 10㧘20㧘40㧘70㧘100 ᤨ㑆ߢ
ߘࠇߙࠇ 44.7%㧘40.6%㧘41.8%㧘38.3%㧘38.3%ߢ޽
ࠅ㧘⚂ 40%ߩ࿁෼₸ߢ޽ࠆ߇㧘ಣℂᤨ㑆߇㐳ߊߥࠆ
ߦߟࠇߡ࿁෼₸߇ૐਅߔࠆ௑ะ߇⷗ࠄࠇߚޕ 
ࠟ࡜ࠬ㧘࠮࡜ࡒ࠶ࠢࠬ↪ේᢱߦߔࠆߚ߼ߦߪ㧘߹
ߕ⌕⦡ᚑಽߩ Fe2O3 ࠍ㒰෰ߔࠆߎߣ߇㊀ⷐߢ޽ࠆޕ
Fe2O3ߪ 20 ᤨ㑆ࠍ⿥߃ߡ߽ߘࠇએ਄ᷫዋߔࠆߎߣߪ
ߥߊ㧘20ᤨ㑆ࠍ⿥߃ࠆḨᑼࡏ࡯࡞ࡒ࡞ಣℂߪലᨐ߇
ߥ޿ޕSiO2㧘CaO ߪಣℂᤨ㑆ࠍ㐳ߊߔࠆ߶ߤഀว߇
ߘࠇߙࠇჇᄢ㧘ᷫዋߔࠆߣ⠨߃ࠄࠇࠆ߇㧘㐳ᤨ㑆߆
ߌࠆഀߦ SiO2㧘CaOߩഀวߩᄌൻߪዊߐ޿ߩߢ㧘20
ᤨ㑆ߩḨᑼࡏ࡯࡞ࡒ࡞ಣℂᤨ㑆߇ᦨ߽ല₸߇⦟޿ߣ
⠨߃ࠄࠇࠆޕ 
 
3-2-5. Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂ࿁ᢙߩᓇ㗀 
 Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂߩ࿁ᢙࠍ㊀ߨࠆߎߣߢ㧘ߐࠄ
ߦ㊄ዻᚑಽߩ㒰෰߇น⢻ߦߥࠆߩߢߪߥ޿߆ߣ⠨߃㧘
ᦨ߽Fe2O3ࠍ㒰෰ߢ߈ߚ᧦ઙߩ1ߟߢ޽ࠆ⫳⇐᳓300 
ml㧘20ᤨ㑆ߩ᧦ઙߢḨᑼࡏ࡯࡞ࡒ࡞ಣℂᓟᓧࠄࠇߚ
☳ᧃࠍ㧘ౣ ᐲหߓ᧦ઙߢ2࿁⋡ߩḨᑼࡏ࡯࡞ࡒ࡞ಣℂ
ࠍⴕߞߚޕ1࿁⋡㧘2࿁⋡ߩḨᑼࡏ࡯࡞ࡒ࡞ಣℂᓟߦ
ᓧࠄࠇߚ☳ᧃߩⰯశX✢᷹ቯߦࠃࠆ⚵ᚑಽᨆߩ⚿ᨐ
Fig. 5. Analytical compositions of the simulated 
waste slag powder and the specimens obtained by 
wet-ball-milling 4.0 g of simulated waste slag 
powder with 100 - 400 ml distilled water for 20 
hours by XRF measurements. 
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2 l2 3 Fe2 3 r 22 Fig. 6. Analytical compositions of the simulated 
waste slag powder and the specimens obtained by 
wet-ball-milling 4.0 g of simulated waste slag 
powder with 300 ml distilled water for 10 - 100
hours by XRF measurements. 
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ࠍFig. 7ߦ␜ߔޕ2࿁⋡ߩḨᑼࡏ࡯࡞ࡒ࡞ಣℂߦࠃࠅ㧘
SiO2ߩഀวߪ1࿁⋡ߩ47.3%߆ࠄ53.2%߹ߢะ਄ߒߚޕ
CaO㧘Fe2O3ߩഀวߪߘࠇߙࠇ1࿁⋡ߩ18.2%㧘6.0%߆
ࠄ14.3%㧘5.7%߹ߢᷫዋߒߚޕAl2O3ߩഀวߪ1.7%ᷫ
ዋߒߚޕZrO2ߩഀวߪ0.1%߆ࠄ0.4%ߦᓸჇߒߚޕFig. 
8ߣ9ߦߘࠇߙࠇ1࿁⋡㧘2࿁⋡ߩḨᑼࡏ࡯࡞ࡒ࡞ಣℂ
ᓟߦᓧࠄࠇߚ☳ᧃߩ౮⌀ࠍ␜ߔޕ޿ߕࠇ߽Fe2O3߇6%
ᒙ฽߹ࠇߡ޿ࠆߚ߼㧘߁ߔ޿Ἧ⦡ࠍߒߡ޿ࠆ߇㧘 2
࿁⋡ߩᣇ߇1࿁⋡ࠃࠅ߽Fe2O3฽᦭㊂߇ዋߥ޿ಽߛߌ
ዋߒἯ⦡߇߁ߔߊߥߞߡ޿ࠆߎߣ߇ಽ߆ࠆޕḨᑼࡏ
࡯࡞ࡒ࡞ಣℂᓟᓧࠄࠇߚ☳ᧃߩ࿁෼₸ߪ㧘1࿁⋡㧘2
࿁⋡ߢߘࠇߙࠇ40.6%㧘36.5%ߢ޽ߞߚޕ 
 ߎߩ⚿ᨐߪ㧘Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂߩ࿁ᢙࠍ㊀ߨࠆ
ߎߣߢ㧘ᦨ⚳⊛ߦߪ⌕⦡߇⷗ࠄࠇߥ޿ߊࠄ޿߹ߢ
Fe2O3 ࠍ߶߷ቢోߦ㒰෰ߢ߈ࠆน⢻ᕈࠍ␜ໂߒߡ޿
ࠆ߇㧘ߎߩ᧦ઙߢߪ☳ᧃߪ 1 ࿁ߩࡏ࡯࡞ࡒ࡞ಣℂߢ
㊀㊂ߩ⚂ 4 ഀߒ߆࿁෼ߢ߈ߥ޿ߚ߼㧘ࡏ࡯࡞ࡒ࡞ಣ
ℂߩ࿁ᢙࠍ㊀ߨࠆߎߣߢ㧘Fe2O3ࠍ߶߷ቢోߦ㒰෰ߔ
ࠆߩߪ㔍ߒ޿ߣ޿߃ࠆޕ߹ߚ㧘࿁෼₸ߩ㜞޿ pH = 7
ߩ᧦ઙߢᄙᢙ࿁ಣℂࠍ➅ࠅ㄰ߒߚߣߒߡ߽㧘1 ࿁ߩ
Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂߦ߅ߌࠆ Fe2O3 ߩᷫዋ₸߇ૐ޿
ߚ߼㧘Fe2O3ࠍ߶߷ቢోߦ㒰෰ߔࠆߩߪ㔍ߒ޿ߣ⠨߃
ࠄࠇࠆޕ 
 
3-2-6. ㉄ಣℂ 
 ᦨ߽ Fe2O3ࠍ㒰෰ߢ߈ߚ᧦ઙߩ 1 ߟߢ޽ࠆ⫳⇐᳓
400 ml㧘20ᤨ㑆ߩ᧦ઙߢḨᑼࡏ࡯࡞ࡒ࡞ಣℂᓟᓧࠄ
ࠇߚ☳ᧃ 1.50 gࠍ 6MႮ㉄ 20 mlߢ 20ᤨ㑆㉄ಣℂߒ
ߚޕߘߩᓟ㧘࿕ᶧಽ㔌ߒߡᓧࠄࠇߚ☳ᧃߩⰯశ X✢
᷹ቯߦࠃࠆ⚵ᚑಽᨆߩ⚿ᨐࠍ Fig. 10ߦ␜ߔޕ߹ߚ 
Ყセߩߚ߼㧘☸ᓘ 0.5 mmએਅߩᮨᡆࠬ࡜ࠣ☳ᧃ 1.50 
g ࠍห᧦ઙߢ㉄ಣℂᓟ࿕ᶧಽ㔌ߒߡᓧࠄࠇߚ☳ᧃߩ
⚿ᨐ߽ Fig. 10ߦ␜ߒߚޕ 
Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂᓟᓧࠄࠇߚ☳ᧃࠍ㉄ಣℂߒߚ
႐ว㧘SiO2ߩഀวߪ㉄ಣℂ೨ߩ 47.1%߆ࠄ 98.5%߹ߢ
ᄢ᏷ߦะ਄ߒߚޕCaO㧘Al2O3㧘Fe2O3, Na2Oߩഀวߪ
ߘࠇߙࠇ 18.6%㧘20.9%㧘5.9%㧘7.5%߆ࠄ 0.3%㧘0.6%㧘
Fig. 8. Powder of the specimen obtained by 
wet-ball-milling 4.0 g of simulated waste 
slag powder with 300 ml distilled water for 
20 hours once. 
Fig. 9. Powder of the specimen obtained by 
wet-ball-milling 4.0 g of simulated waste 
slag powder with 300 ml distilled water for 
20 hours twice. 
Fig. 7. Analytical compositions of the simulated 
waste slag powder and the specimens obtained by 
wet-ball-milling 4.0 g of simulated waste slag 
powder with 300 ml distilled water for 20 hours 
once and twice by XRF measurements. 
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Fig. 10. Analytical compositions of the simulated 
waste slag powder, the specimen obtained by 
wet-ball-milling 4.0 g of simulated waste slag 
powder with 400 ml distilled water for 20 hours, 
and the insoluble end products obtained by 
soaking 1.5 g of the simulated waste slag powder
and specimen in 20 ml 6M HCl for 20 hours by 
XRF measurements. 
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0.3%㧘0.0%߹ߢᄢ᏷ߦᷫዋߒߚޕZrO2ߩഀวߪ 0.1%
߆ࠄ 0.4%ߦᓸჇߒߚޕᓧࠄࠇߚ☳ᧃߩ࿁෼₸ߪ
51.6%ߢ޽ߞߚޕߎߩ࿁෼₸ࠃࠅ㧘Ḩᑼࡏ࡯࡞ࡒ࡞ಣ
ℂᓟߩ☳ᧃਛߦ฽߹ࠇߡ޿ࠆ SiO2ߩ߶߷ో㊂߇㉄ಣ
ℂᓟߩ☳ᧃߦ฽߹ࠇߡ޿ࠆߣ⠨߃ࠄࠇࠆޕ߹ߚ㧘ᦨ
ೋߩᮨᡆࠬ࡜ࠣ☳ᧃਛߩ SiO2ߩ 43.7%߇㉄ಣℂᓟߩ
☳ᧃߦ฽߹ࠇߡ޿ࠆߣ޿߃ࠆޕഀว߇ૐ޿ߩߪᦨೋ
ߩḨᑼࡏ࡯࡞ࡒ࡞ಣℂߢ⚂ඨಽࠍࡠࠬߒߡ޿ࠆ߆ࠄ
ߢ޽ࠆޕ 
ᮨᡆࠬ࡜ࠣ☳ᧃࠍ㉄ಣℂߒߚߣ߈ߩ SiO2㧘CaO㧘
Al2O3㧘Fe2O3, Na2Oߩഀวߪߘࠇߙࠇ 77.1%㧘7.6%㧘
9.5%㧘3.3%㧘2.4%ߢ޽ߞߚޕ ߎߩ⚿ᨐࠃࠅ㧘㉄ಣℂ
ߪ EDTAࠍ↪޿ߚḨᑼࡏ࡯࡞ࡒ࡞ಣℂࠃࠅ߽ SiO2ߩ
ഀวࠍჇ߿ߒ㧘CaO㧘Al2O3㧘Fe2O3, Na2Oࠍ㒰෰ߔࠆ
ߩߦലᨐ⊛ߢ޽ࠆߎߣ߇ಽ߆ࠆޕߒ߆ߒ㧘ᮨᡆࠬ࡜
ࠣ☳ᧃߩ㉄ಣℂߢߪ㧘෻ᔕߒߡ޿ߥ޿ㇱಽ߇ඨಽᒙ
ሽ࿷ߒ㧘 SiO2ߩഀวߪḨᑼࡏ࡯࡞ࡒ࡞ಣℂᓟᓧࠄࠇ
ߚ☳ᧃࠍ㉄ಣℂߒߚ߽ߩࠃࠅ߽ૐߊ㧘ઁߩ㉄ൻ‛߽
ዋߒᱷߞߡ޿ߚޕ࿁෼₸ߪ 57.4%ߢ޽ߞߚޕ 
ߎࠇߪ㧘Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂ೨ߩᮨᡆࠬ࡜ࠣ☳ᧃ
ߪ㧘Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂᓟߩ☳ᧃࠃࠅ߽☸ᓘ߇ᄢ߈
޿ߚ߼㧘หߓ㉄ಣℂ᧦ઙߢ߽☸ᓘߩዊߐ޿Ḩᑼࡏ࡯
࡞ࡒ࡞ಣℂᓟߩ☳ᧃ߇ቢోߦ෻ᔕ߇ㅴࠎߛߩߦኻߒ㧘
Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂ೨ߩᮨᡆࠬ࡜ࠣ☳ᧃߢߪඨಽ⒟
ᐲߒ߆෻ᔕ߇ㅴ߹ߥ߆ߞߚߎߣߦࠃࠆ߽ߩߢ޽ࠆߣ
⠨߃ࠄࠇࠆޕ 
 Fig. 11ߦḨᑼࡏ࡯࡞ࡒ࡞ಣℂᓟᓧࠄࠇߚ☳ᧃߩ㉄
ಣℂᓟߦᓧࠄࠇߚ☳ᧃߩ౮⌀ࠍ㧘Fig. 12ߦ㜞⚐ᐲൻ
ቇ⎇ⓥᚲ␠⵾ 99.9% SiO2⹜⮎ߩ౮⌀ࠍߘࠇߙࠇ␜ߔޕ
㉄ಣℂᓟߦᓧࠄࠇߚ☳ᧃߪ Fig. 11ߢ⷗ࠄࠇࠆࠃ߁ߦ
⊕⦡ߢ޽ߞߚޕFig. 8ߣ 9ߢ⷗ࠄࠇࠆ⦡ߣߪ᣿ࠄ߆ߦ
⇣ߥߞߡ߅ࠅ㧘߻ߒࠈ Fig. 12ߢ⷗ࠄࠇࠆࠃ߁ߥ⊕⦡
ߦㄭ޿ޕߎࠇߪ㧘㉄ಣℂᓟߦᓧࠄࠇߚ☳ᧃߦߪ⌕⦡
ᚑಽߢ޽ࠆ Fe2O3߇߶ߣࠎߤߥ޿ߎߣࠍ␜ߒߡ޿ࠆޕ 
Table 2ߪઍ⴫⊛ߥࠟ࡜ࠬ↪ߌ޿⍾ߩൻቇಽᨆ୯ࠍ
␜ߒߡ޿ࠆޕ੹࿁ߩḨᑼࡏ࡯࡞ࡒ࡞ಣℂᓟᓧࠄࠇߚ
☳ᧃߩ㉄ಣℂߢᓧࠄࠇߚ⊕⦡☳ᧃߪ㧘࿖↥ߩ 3 ⒳㘃
ࠃࠅ߽ SiO2ߩഀว߇㜞ߊ㧘ࠟ࡜ࠬේᢱߦචಽߥࠅ߁
ࠆ߽ߩߣ⠨߃ࠄࠇࠆޕ 

 ⚿ ⺰
 
(1)  ᮨᡆࠬ࡜ࠣ☳ᧃࠍḨᑼࡏ࡯࡞ࡒ࡞ಣℂߔࠆߎߣ
ߢ㧘ᮨ ᡆࠬ࡜ࠣਛߩCaO㧘Fe2O3ߩഀว߇ᷫዋߒ㧘
SiO2ߩഀว߇ჇടߒߚޕAl2O3㧘Na2Oߩഀวߪ߶
ߣࠎߤᄌࠊࠄߕ㧘ࠫ࡞ࠦ࠾ࠕࡏ࡯࡞↱᧪ߩ ZrO2
߇ 0.1㨪0.8%ᬌ಴ߐࠇߚޕ 
(2)  Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂߦ߅޿ߡߪ㧘ࡏ࡯࡞ࡒ࡞ᤨ
ߦṁᇦ߳ߩ EDTA⹜⮎ߩᷝട߇ CaO㧘Fe2O3ࠍ㒰
෰ߒߡ SiO2ߩഀวࠍჇ߿ߔߩߦലᨐ⊛ߢ޽ࠆޕ 
(3)  ṁᶧ㊂㧘ಣℂᤨ㑆ࠍ࿕ቯߒߡ㧘Ḩᑼࡏ࡯࡞ࡒ࡞
ಣℂ೨ߩṁᶧߩ pH ࠍ 0.90 ߆ࠄ 7.00 ߹ߢᄌൻߐ
ߖߚ⚿ᨐ㧘pH = 0.90ߢߪࡏ࡯࡞ࡒ࡞ಣℂᓟߩ☳
ᧃߦ EDTA߇ᷙ౉ߒߚޕpH߇ 3.61એ਄ߩᒙ㉄߆
ࠄਛᕈߦ߅޿ߡߪ㧘ฦ㉄ൻ‛ߩഀวߦ pHߦࠃࠆ
ଐሽᕈߪ⷗ࠄࠇߥ߆ߞߚߚ߼㧘⫳⇐᳓ࠍ૶߁ߩ߇
ขࠅᛒ޿߇◲ଢߢ⦟޿ߣ⠨߃ࠄࠇࠆޕ 
(4)  ಣℂᤨ㑆ࠍ࿕ቯߒ㧘⫳⇐᳓㊂ࠍ 100ޯ400 ml ߹
ߢᄌൻߐߖߡḨᑼࡏ࡯࡞ࡒ࡞ಣℂࠍⴕߞߚ⚿ᨐ㧘
ᮨᡆࠬ࡜ࠣ߆ࠄ CaO㧘Fe2O3ࠍ㒰෰ߒߡ SiO2ߩഀ
วࠍჇ߿ߔߩߦᦨ߽ㆡߒߚ⫳⇐᳓㊂ߪ 300 mlߢ
޽ߞߚޕ 
(5)  ⫳⇐᳓㊂ࠍ࿕ቯߒ㧘Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂᤨ㑆ࠍ
Fig. 11. Powder of the insoluble end product 
obtained by soaking the specimen obtained by 
wet-ball-milling 4.0 g of simulated waste slag 
powder with 400 ml distilled water for 20 
hours in 20 ml 6M HCl for 20 hours. 
Fig. 12. SiO2 reagent. (99.9%, Kojundo 
Chemical Laboratory Co., Ltd.) 
Table 2. Chemically analyzed compositions of 
representative silica sand for glass [9]. 
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10㨪100ᤨ㑆߹ߢᄌൻߐߖߚ႐ว㧘ᮨ ᡆࠬ࡜ࠣ߆
ࠄ CaO㧘Fe2O3ࠍ㒰෰ߒߡ SiO2ߩഀวࠍჇ߿ߔߩ
ߦᦨ߽ല₸ߩ⦟޿Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂᤨ㑆ߪ 20
ᤨ㑆ߢ޽ߞߚޕ 
(6)  Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂᓟᓧࠄࠇߚ☳ᧃࠍ㧘ౣᐲห
ߓ᧦ઙߢ 2 ࿁⋡ߩḨᑼࡏ࡯࡞ࡒ࡞ಣℂࠍⴕߞߚ
ߣߎࠈ㧘1 ࿁⋡ࠃࠅ SiO2ߩഀวߪะ਄ߒ㧘CaO㧘
Al2O3㧘Fe2O3ߩഀวߪᷫዋߒߚޕߎߩ⚿ᨐߪ㧘Ḩ
ᑼࡏ࡯࡞ࡒ࡞ಣℂߩ࿁ᢙࠍ㊀ߨࠆߎߣߢ㧘ᦨ⚳⊛
ߦߪ Fe2O3 ࠍ߶߷ቢోߦ㒰෰ߢ߈ࠆน⢻ᕈࠍ␜
ໂߒߡ޿ࠆ߇㧘1࿁ߩḨᑼࡏ࡯࡞ࡒ࡞ಣℂߦ߅ߌ
ࠆ Fe2O3ߩᷫዋ₸߇ૐ޿ߚ߼㧘ࡏ࡯࡞ࡒ࡞ಣℂߩ
࿁ᢙࠍ㊀ߨࠆߎߣߢ㧘Fe2O3ࠍ߶߷ቢోߦ㒰෰ߔ
ࠆߩߪ㔍ߒ޿ߣ⠨߃ࠄࠇࠆޕ 
(7)  Ḩᑼࡏ࡯࡞ࡒ࡞ಣℂᓟᓧࠄࠇߚ☳ᧃࠍ㧘6MႮ㉄
ߢ 20ᤨ㑆㉄ಣℂߒߚߣߎࠈ㧘⊕⦡☳ᧃ߇ᓧࠄࠇ㧘
SiO2ߩഀวߪ 98.5%߹ߢᄢ᏷ߦะ਄ߒߚޕCaO㧘
Al2O3㧘Fe2O3, Na2Oߩഀวߪ 0.6%એਅ߹ߢᄢ᏷ߦ
ᷫዋߒߚޕ੹࿁ߩ㉄ಣℂߢᓧࠄࠇߚ⊕⦡☳ᧃߪ㧘
SiO2ߩഀว߇㜞ߊ㧘ࠟ ࡜ࠬේᢱߦචಽߥࠅ߁ࠆ߽
ߩߣ⠨߃ࠄࠇࠆޕ߹ߚ㧘㉄ಣℂ೨ߩ☳ᧃਛߦ฽߹
ࠇࠆ SiO2ߩ߶߷ో㊂߇㧘੹࿁ߩ㉄ಣℂߢᓧࠄࠇ
ߚ⊕⦡☳ᧃߦ฽߹ࠇߡ޿ࠆߣ⠨߃ࠄࠇࠆޕ  
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 ᧄ⎇ⓥߪ㧘ᐔᚑ 21 ᐕᐲ⽷࿅ᴺੱ ࠙ࠛࠬࠦቇⴚᝄ
⥝⽷࿅ߩഥᚑߦࠃࠅታᣉߐࠇߚޕߎߎߦ⻢ᗧࠍ⴫ߒ
߹ߔޕ

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